abSTracT Public bike systems have grown in popularity and are expanding rapidly across cities worldwide. Such systems provide access to pickup and drop-off public bikes at numerous bike stations for free or for an affordable fee and aim at increasing bike use and extending the accessibility of traditional public transport systems. a variety of studies have examined the characteristics of bike-sharing systems, mostly in american and european cities and with a focus on user demographics. The objective of this study is to investigate the general characteristics of system usage, in terms of system efficiency, trip characteristics and bike activity patterns, for Zhongshan's public bike system during a five-month period. The findings show that the system is not very efficient based on usage metrics which are low compared to successful systems in other countries. Demand is relatively high in city centre zones due to high population and activity density. however, there is no clear direction of inbound or outbound trips in rush hours. This may be attributed not only to mixed land use patterns throughout the city, but also to the fact that most trips are local trips over short distance. This could indicate that public bike trips are mainly substitute for walking trips rather than for car or PT trips. On the outskirts, demand and system efficiency are low, indicating that location allocation of stations needs adjustment. In the conclusions, we discuss how these findings can be used for improving the system.
1 INTrODucTION emerging as an innovative and green mode of public transport, public bike systems provide public access to rent and return bikes at numerous bike stations across an urban area. Such systems not only act as a unimodal system, but also contribute to bridging the gap in urban transport systems to solve the 'last mile' problem [1] . growing concerns about fast motorization and urban pollution have led to increasing interests in bikesharing programmes across the world, from europe to america, asia and australia [2] . as a result of technological advances and innovations, modern bike-sharing programmes enable users to monitor the number of available bikes and parking slots via real-time online maps or mobile apps, and generate station-based or trip-level usage data [3] . currently, approximately 600 bike-sharing systems are in operation, and many systems are planned for the near future [4] .
Some early studies have conducted surveys to analyse the operation and usage of bikesharing systems. In cities with successful bike-sharing systems these studies reported reduced car use and an increase in cycling [2] . Some surveys revealed that car owners and individuals, who like bike-sharing programmes, tended to use public bikes more often [5, 6] . The proximity of home locations to bike stations and the ownership of bike-sharing This paper is part of the proceedings of the 22nd International Conference on Urban Transport and the Environment (Urban Transport 2016) www.witconferences.com membership have a positive effect on shared bicycle use [5] . The shared bicycles have acted as a competitor to bus transit, walking, autos and taxis [7] .
The availability of operational usage data, e.g. station-based data or trip-level data, enabled new research possibilities in recent years. few studies employed data mining techniques to explore the temporal patterns of bike use, based on station data. froehlich et al. [8] clustered stations of barcelona's public bike system based on bicycle activity, and kaltenbrunner et al. [9] extended the former analysis by predicting bicycle activity at barcelona's stations over the hours of the day. Vogel et al. [10] explored activity patterns at stations of Vienna's system. borgnat et al. [11] examined temporal patterns of bike use on system scale in lyon and predicted levels of bike use on a daily and hourly basis. They found that weekday and weekend usage peaks are quite different and that at station level the differences in peak usage might be associated with the kind of activities in the direct neighbourhood.
Some studies looked at specific features of a bike-sharing system in a city. by analysing 11.6 million bike-sharing trips, Jensen et al. [12] found that public bikes compete with cars in terms of speed in downtown lyon. based on station data, Jäppinen et al. [13] indicated that integration of public bikes with traditional public transportation can promote sustainable daily mobility in helsinki. Zhao et al. [14] highlighted that on weekdays, women tend to make multiple-circle trips and spend more time in cycling than men do, based on the trip data from Nangjing, china. Several studies explored london's public bike system. These studies found that two strikes of the london subway increased the number and duration of public bike trips [15] and concluded that easier access to the system can promote weekday commuting and weekend use [16] .
recently, some studies analysed a larger set of bike-sharing systems. O'brien et al. [3] proposed several metrics to measure system characteristics and gave a classification of 38 public bike systems worldwide, based on system metrics -such as system size, daily usage, bike occupancy of each station, spatial compactness of bike stations and average number of available bikes over the time of day. They demonstrated that asian systems have lower compactness than european/middle eastern systems and that chinese systems group together based on system metrics. Zhao et al. [17] analysed the effects of urban population, government expenditure, system size and operation policy on daily bike use by comparing 69 chinese bike-sharing systems. They recommended a bike-member ratio of less than 0.2 and the adoption of personal credit and universal cards to access to systems. an ITDP report by gauthier et al. [18] developed a guideline for bike-sharing planning based on experiences of best used and most efficient systems worldwide. They discussed and proposed a series of factors related to system performance; for example, the system is considered to be efficient if on average each bike is used four to eight times daily, and the ratio of parking docks to bike is 2-2.5.
however, few scientific studies that have been reported analyse the factual use of a bikesharing system employing the information embedded in the operational database. This information might be beneficial for further improvement and expansion of existing systems as well as the adoption of new systems.
In this study, we focus on system efficiency, trip characteristics and bike activity patterns. To analyse the spatial dimension we introduced six zones demarcated by concentric circles based on the distance to the city centre ( fig. 2 ). The study was conducted for the bike-sharing system in Zhongshan, china, using trip data during the five-month period from february 2014 to June 2014.
The article is organized as follows. Section 2 briefly describes the study context, the bikesharing system in Zhongshan and the available database. Section 3 contains the main results of the analysis with respect to system efficiency, trip characteristics and bike activity patterns at station level. finally, Section 4 presents the main conclusions of the study.
2 reSearch cONTexT
Study context
In china, bicycle evolution has gone through four phases from initial entry and slow growth (1900s-1978) , to rapid growth (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) , bicycle use decrease (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and policy diversification (2002-present) [19] . This transition is associated with rapid motorization and a gradually deteriorating cycling environment, as a result of economic growth, fast urbanization and a negative attitude of governmental transport policies towards cycling [19] . To alleviate serious traffic congestion and air pollution, china's planners and decision-makers have gradually shifted their focus from offering additional road space for motorized vehicles to examining the need for sustainable transportation strategies [17] . Two innovative bicycle forms emerged: electric bikes and public bike systems [19] . along with adopting and advocating the policy on 'Transit Priority' that emphasizes the development and improvement of public transport systems, public bike programmes have been set up that expanded rapidly although the history of such systems is still short in china. at present, more than 160 public bike systems are running in china, and more and more systems will be in operation in the near future.
Study area and data preparation
Zhongshan city is a prefecture-level city that is located in the guangdong province of china, directly opposite to hong kong. The city government administers six districts covering the urban area, and 18 towns ( fig. 1(a) ). Zhongshan's bike-sharing system was launched in 2011 and is a 24/7 self-service system. after registration, users can pick up and return public bikes at any station during the day, using a smart membership card. for each trip, the first hour is free, and any extra hours are charged at an incremental price (1 cNy per hour), which is much cheaper than a trip by local public bus (2 cNy per trip). The system gradually expanded from the central area to the distant industrial district, and further expansion over the city is ongoing.
Trip data from february 2014 to June 2014 were provided by the Transport Department of the urban Planning and Design Institute of Zhongshan. In June 2014, according to the trip database, 296 bike stations equipped with 7,855 parking docks were distributed over the urban area, implying an average station size of 26.5 docks. as shown in fig. 1(b) , 224 of these stations were built before 2014, mainly located in the 'major urban area', and in 2014, 72 bike stations were built, predominantly located in 'Torch hi-tech Industrial Development district'. The average distance between neighbouring stations is 377 m.
In the trip database each trip record includes user ID, bike ID, pickup and return station, and start and end time of the trip. During the five-month period the original trip database contained 1,937,265 records (i.e. trips). In the data-cleaning process, 6% of the records had to be excluded for trips that lasted less than 1 min, mostly starting and ending at the same station. as a result, 1,820,954 valid records were obtained.
2.3 characteristics in bicycle use: the user perspective employing the (anonymous) 'user-ID', users have been classified into five groups -user1, user2, user3, user4 and user5 -based on the number of months within the observation period the person used the system. for example, user3 represents persons that used the system in three out of the five months. user1 and user5 account for 27% and 23% of the total user population, respectively, which is larger than the other user groups. The majority of the user1 group only used the system on weekdays, whereas the majority of all other user groups used the system both on weekdays and in the weekend. The user1 group contains many incidental users, who used the system just once. The more months people are using the system correlates with a higher frequency in number of days per week as well as per month.
This finding suggests two types of users: (1) incidental users, e.g. the user1 group; and (2) regular users, e.g. user3, user4 and user5 groups. users have to register as a member before they can use the system. This registration procedure might reduce the attractiveness of the system for incidental users. In order to encourage more people to participate in such a system, it would be worthwhile to investigate the possibilities to simplify the access procedure. lathia et al. [16] showed that introduction of an easier access procedure has raised bike use of london's public bike system. 3 characTerISTIcS Of SySTem uSage a quantitative analysis has been conducted to investigate the characteristics of system usage, in terms of system efficiency, trip characteristics and bike activity patterns. The analysis looked at the system as a whole as well as at parts of the system spatially to uncover the performance of the system across the urban area. for the spatial analysis, the urban area has been divided into six zones using five concentric rings around the city centre as shown in fig.  2 . The six zones cover all bike stations and the vast majority of the urban area. The first ring is the central zone with the highest population density, whereas each successive ring has a lower population density. Zone 6 covers the hi-tech industrial district and contains the stations newly built in 2014. 3.1 System efficiency Table 1 presents the system metrics at system level as well as for each spatial zone. The total number of bikes is 4,072 yielding a slot/bike ratio of 1.9 and on average 5.4 bikes/1,000 inhabitants. These values are lower than the ideal values of 2-2.5 and 10-30, respectively, as proposed by gauthier et al. [18] . It implies that from an efficiency perspective there might be insufficient slots and bikes. knowing that station density has a positive effect on bike use [18] , the station density of 11 stations/km 2 in the central zone 1 fits within the bandwidth of 10-16 stations/km 2 , as suggested by gauthier et al. [18] . however, all other zones have a substantial lower station density, resulting in a low station density at system level. for simplicity, to get an indication for the number of bikes per 1,000 inhabitants for each zone, we assumed a constant slot/bike ratio over the whole area.
at system level the average daily number of bikes in use is 2,543 on weekdays and 2,394 on weekends, indicating that only approximately 60% of all bikes are used every single day. according to the number of daily trips/station in Table 2 , the demand is relatively high in the central zone 1 and decreases in successive zones. Since the number of stations in the latter zones is higher than in zone 1, this finding suggests that both bikes and stations are used ineffectively, especially in the zones that are further from the city centre. [4] [5] [6] [7] [8] and daily trips per 1,000 inhabitants (i.e. 25-50). The former metric indicates efficiency of bike use and the latter market penetration. for zone 1, 2 and 3 the average daily trips/bike is 10.8, 9.2 and 6.2, respectively; and the average daily trips/1,000 inhabitants is 68, 62 and 40, respectively. Therefore, the three most central zones have both a high efficiency of bike use and a high market penetration comparable to Paris and barcelona [18] . however, for the peripheral zones 4, 5 and 6 both values are very low, contributing substantially to the low performance values for the overall system, that is, 3.2 daily trips per bike and 17 daily trips per 1,000 inhabitants. The low demand in peripheral zones might be attributed to the low station density. It is recommended to investigate whether in these zones an increase in station density potentially combined with a capacity reduction in slots per station might have a positive impact on demand.
Trip characteristics
In terms of trip characteristics, we focused on two aspects: (1) the origin-destination (OD) pattern of trips and (2) trip duration. The OD matrix of public bike trips in Table 3 indicates that there is no strong orientation of trips towards or from the city centre. The majority of trips are intra-zonal or between adjacent zones. The further away from the city centre, the larger the proportion of intra-zonal trips. In particular in zone 6, intra-zonal trips account for 86.1% of the trip generation, posing almost an image of a stand-alone system. figure 3 shows the distribution of trip durations. Trip duration is defined as the difference between return time and pickup time of the bike. Distributions are provided for weekdays and weekends ( fig. 3(a) ), as well as peak and off-peak hours ( fig. 3(b) ), and average trip times are given for origins and destinations ( fig. 3(c) ). The distributions are quite similar in all three figures: the average trip duration is less than 16 min, most trips last less than 30 min and the vast majority of trips finish within one hour (the free of charge period).
according to fig. 3(a) and (b), there is no significant difference in trip durations between weekdays and weekends and between peak and off-peak hours. however, the average duration of O-O trips -i.e. trips that start and end at the same station -is 2.5 times longer than the duration of O-D trips (i.e. trips that end at a different station than the pickup station), as shown in fig. 3(c) . The presumable explanation is that these trips refer to round trips for which some activity time is included in the trip duration, and the user is not willing or able to dock the bike near the activity location. figure 3(D) shows the average trip duration for intra-zonal trips, inter-zonal pickups and inter-zonal returns for each of the zones. except for zone 1, average trip duration for inter-zonal trips is equal to the one for intra-zonal trips, suggesting that origin and destination stations for inter-zonal trips are not far from each other. for zone 1 the lower intra-zonal average trip duration is probably due to the high station density in this zone. figure 3(D) also shows gradually increasing average trip duration for both intra-zonal and inter-zonal trips, with the further the distance from a zone to the city centre. The most likely explanation is the gradually decreasing station density.
bicycle activity patterns at station level
The analysis on bicycle activity at station level provides insight in both pickups and return activities over the hours of the day. This information could be very valuable in identifying hotspots and for redistribution of public bikes and planning of the future expansion of the system [9] . In this study, we performed a hierarchical cluster analysis [20] to group 296 stations based on the temporal patterns of average pickups and returns over the hours of the day. Weekdays have been analysed separately from weekends. figure 4 shows the resulting five clusters of bike activity patterns at stations on weekdays. clearly visible are a morning peak between 7 and 9 am, an evening peak between 5 and 7 Pm, as well as a small lunch peak between 12 am and 2 Pm, when some people go home for lunch and rest, a conventional lifestyle in china in medium-and small-sized cities.
cluster 1, accounting for 63% of all stations, shows a moderate pattern of morning pickups and evening returns with a higher pickup activity in the morning peak and a higher return activity in the evening peak. The differences in peak activity are in both cases some 5% of the daily total.
cluster 2 with 22% of all stations features an opposite pattern to cluster 1. These stations show a higher return activity in the morning peak, and the other way around in the evening peak. again the differences in peak activity are some 5% of the daily total in both cases.
both cluster 3 and cluster 5 show a dominant return activity in the morning peak and a dominant pickup activity in the evening peak. The differences in peak activity are the highest among all clusters and substantial: some 35% for cluster 3 and 20% for cluster 5.
cluster 4 with the smallest number of stations appears to be a special case. It shows a moderate dominant return activity in the morning peak, whereas both pickup and return activities in the evening peak are high. There are two peaks of pickup activity in the evening, and both account for 20% of daily pickups from the station. figure 5 shows the spatial distribution of these station clusters. The larger clusters 1 and 2 are spread over all zones, except zone 6. These stations are located in areas with mixed land use patterns, and the predominant land use type determines to which of the two activity patterns the station is clustered. The central zones 1 and 2 are primarily occupied with stations of cluster 1 and cluster 2. clusters 3 and 5 can be found mainly in the peripheral zones 4, 5 and 6. These stations are located in the neighbourhood of shopping malls, offices and colleges/schools, for which the majority of users arrive for work in the morning peak and leave for home in the evening peak. The small and peculiar cluster 4 relates to zone 6, the hi-tech industrial district, where land use differs substantially from the other areas.
In addition, weekend patterns were classified into four clusters, which are comparable with the first four clusters for weekday patterns. although morning and evening peaks are also figure 4: Weekday patterns of bicycle activity at stations. visible in weekends, the share of daily trips in peak hours in weekends is some 5% less than on weekdays. In contrast to Western cities that show commuting on weekdays and leisure trips in weekends, many people in chinese cities commute both on weekdays and in weekends [3, 14] .
cONcluSIONS
This article investigates characteristics of system usage, in terms of system efficiency, trip characteristics and bike activity patterns, using operational trip data for a five-month period of Zhongshan's public bike system. These characteristics were analysed on system level as well as at a disaggregated level of six concentric zones.
The overall system is not very efficient in comparison with metrics derived from a global analysis by gauthier et al. [18] . This finding is mainly attributed to the low bike use and low market penetration in peripheral zones. To improve system efficiency, an increase in station density in these areas, possibly combined with a reduction in station capacity, would be worthwhile to consider.
Public bike demand is relatively high in central zones, where population density is the highest and urban activities are concentrated. however, there is no specific orientation of trips to or from the city centre. The majority of public bike trips are short-distance trips within or between adjacent zones. This finding suggests that public bike trips mainly substitute for walking trips rather than for car or public transport trips. moreover, there is no clear direction of inbound or outbound trips in rush hour. In contrast to Western cities, weekdays and weekends show similar patterns, for many people in china commute both on weekdays and in weekends [3, 14] .
finally, two types of users need to be distinguished based on the frequency of bike use: 'incidental users' and 'regular users'. from a policy perspective, simplifying the access procedure for 'incidental users' might encourage more people to use the system and to improve the turnover of bike use. lathia et al. [16] have shown that the introduction of an easier access procedure has raised bike use of london's public bike system. 
